Photodynamic Combined with Magnetic Field Applications for Viability Activation of Anaerobic Photosynthetic Bacteria. by Suryani Dyah Astuti, NIDN. 0008046902 et al.
3KRWRG\QDPLF&RPELQHGZLWK0DJQHWLF)LHOG$SSOLFDWLRQVIRU9LDELOLW\
$FWLYDWLRQRI$QDHURELF3KRWRV\QWKHWLF%DFWHULD
6XU\DQL'\DK$VWXWLD1LNH'ZL*'$JXV6XSUL\DQWR.XZDW7UL\DQDE
'HSDUWPHQWRI3K\VLFV8QLYHUVLW\RI$LUODQJJD6XUDED\D,QGRQHVLD
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
.H\ZRUGV DFWLYDWLRQ OLJKW HPLWWLQJ GLRGH PDJQHWLF SKRWRG\QDPLF UKRGREDFWHU VSKDHURLGHV
YLDELOLW\
$EVWUDFW 7KLV SDSHU UHSRUWV WKH LQIOXHQFH RI OLJKW H[SRVXUH SKRWRG\QDPLF FRPELQHG ZLWK
PDJQHWLFILHOGDSSOLFDWLRQRQYLDELOLW\DFWLYDWLRQRIDQDHURELFSKRWRV\QWKHWLFEDFWHULD5KRGREDFWHU
VSKDHURLGHV )RU WKLV SXUSRVH D FXVWRPL]HG HTXLSPHQWZDV GHYHORSHG ,W FRQVLVWHG RI D VDPSOH
KROGHUDUUD\VRIOLJKWHPLWWLQJGLRGH/('DQG+HOPKROW]FRLOVDVOLJKWVRXUFHDQGPDJQHWLFILHOG
VRXUFHUHVSHFWLYHO\7KHV\VWHPVRI WKLVHTXLSPHQWZHUHFRQWUROOHGE\DPLFURFRQWUROOHURI$95
$70HJD3ULRUWRDSSOLFDWLRQLQYLWURDOODUUD\VRI/('ZHUHFDOLEUDWHGERWKWKHLULQWHQVLW\
DQG ZDYHOHQJWK $IWHU WKH WUHDWPHQWV DOO EDFWHULD FRORQLHV ZHUH JURZQ LQ SKRWRV\QWKHWLF PHGLD
306 IRU  KRXUV IROORZHG E\ FDOFXODWLQJ WKH JURZWK RI EDFWHULDO FRORQLHV XVLQJ D WRWDO SODWH
FRXQW 73& PHWKRG DQG 4XHEHF FRORQ\ FRXQWHU $V UHVXOWV LW ZDV IRXQG WKDW WKH JURZWK RI
EDFWHULDOFRORQLHVZDVLQIOXHQFHGE\ERWKOLJKWLQWHQVLW\DQGZDYHOHQJWKRI/('DUUD\$WWKHVDPH
LQWHQVLWLHVWKHZDYHOHQJWKRIQPVKRZHGKLJKHVWHIIHFWRQWKHJURZWKRIEDFWHULDOFRORQLHV,Q
DGGLWLRQXSRQDSSOLFDWLRQRIWKHRSWLPXPOLJKWFRPELQHGZLWKPDJQHWLFILHOGWKHKLJKHVWJURZWK
RIEDFWHULDOFRORQLHVZDVDFKLHYHGPRUHWKDQZKHQWKHHQHUJ\GRVHRIOLJKWDQGWKHPDJQHWLF
ILHOGZHUH-FPDQGP7UHVSHFWLYHO\
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3KRWRV\QWKHWLFEDFWHULDDUHZLGHO\GLVWULEXWHGLQHQYLURQPHQWDQGZDVWHZDWHU>@7KH\FRQWDLQ
SKRWRV\QWKHWLFSLJPHQWVRIEDFWHULRFKORURSK\OOV%&KODQGFDURWHQRLGVZKLFKFDQJURZHLWKHULQD
SKRWRWURSKLFDQGDKHWHURWURSKLFFRQGLWLRQGHSHQGLQJRQWKHSUHVHQFHRUDEVHQFHRIOLJKW>@7KH
SLJPHQWV KDYH WKHLU GLVWLQFWLYH HOHFWURQLF DEVRUSWLRQ EDQGV GHSHQGLQJ RQ PROHFXODU VWUXFWXUHV
3KRWRV\QWKHWLF EDFWHULD SRVVHVV D PRGXODU SKRWRV\QWKHWLF DSSDUDWXV LQ ZKLFK D SKRWRFKHPLFDO
UHDFWLRQ FHQWHU 5& LV IHGZLWK HQHUJ\ E\ D FORVHO\ DVVRFLDWHG OLJKW KDUYHVWLQJ SLJPHQW±SURWHLQ
/+ >@ ,Q PDQ\ VSHFLHV WKHVH VR FDOOHG 5&±/+ FRPSOH[HV DUH LQ WXUQ VXUURXQGHG LQ WKH
SKRWRV\QWKHWLFPHPEUDQHE\RQHRUPRUHW\SHVRISHULSKHUDOOLJKWKDUYHVWLQJFRPSOH[HV>@
3KRWRV\QWKHWLF EDFWHULD FDQ SURGXFH YDULRXV W\SHV RI SK\VLRORJLFDO DFWLYH VXEVWDQFH VXFK DV
YLWDPLQ%XELTXLQRQHFRHQ]\PH4DPLQROHYXOLQLFDFLG $/$SRUSK\ULQVDQG51$ ,Q
SDUWLFXODU $/$ RI SKRWRV\QWKHWLF EDFWHULDO ZDV FRPPHUFLDOO\ DSSOLHG WR PHGLFDO GLDJQRVLV DQG
WUHDWPHQW >@ 0RVW EDFWHULD XVH KHP$ ELRV\QWKHWLF SDWKZD\ WR SURGXFH SRUSK\ULQV IURP D
SUHFXUVRU 7KH $/$ FDQ EH V\QWKHVL]HG ELRORJLFDOO\ E\ WZR GLVWLQFW PHWDEROLF SDWKZD\V
'LIIHUHQFHVEHWZHHQWKHEDFWHULDODQGPDPPDOLDQSDWKZD\VLQFOXGHWKHH[LVWHQFHRIDZLGHO\XVHG
DOWHUQDWLYH URXWH WR$/$ IURP JOXWDPDWH DQG RIIVKRRWV IURP WKH SDWKZD\ WKDW OHDG WR WKH KHP$
YDULDQWVDQGFRHQ]\PH%>@,QWKHEDFWHULDO$/$LVIRUPHGE\DQHQ]\PH$/$V\QWKDVHWKDW
FDWDO\]HVWKHS\ULGR[DOSKRVSKDWHGHSHQGHQWFRQGHQVDWLRQRIVXFFLQ\OFRHQ]\PH$VXFFLQ\O&R$
DQGJO\FLQH7KH$/$V\QWKDVHLVWKHSURGXFWRIWKHKHP$JHQHLQ5KRGREDFWHUVSKDHURLGHV>@
7KHUHDUHPDQ\WHFKQLTXHVWRLQFUHDVHSURGXFWLRQRI$/$VXFKDVE\DGMXVWLQJS+FDUERQDQG
QLWURJHQVRXUFHSUHFXUVRUFRQFHQWUDWHVOLJKWLOOXPLQDWLRQDHUDWLRQDQGPDJQHWLFILHOGDSSOLFDWLRQ
>@$GGLWLRQDOO\LWKDVEHHQUHSRUWHGE\RWKHUUHVHDUFKHUVWKDWWKHDSSOLFDWLRQRIPDJQHWLFILHOG
RQ WKH 5KRGREDFWHU VSKDHURLGHV FRORQLHV FDXVHV D VWUHVV RQ EDFWHULD FHOOV DQG DFWLYDWHV $/$
GHK\GUDWDVH$/$'JHQHV7KH$/$'LVDQLPSRUWDQWHQ]\PHRISKRUSK\ULQV\QWKHVLV>@7KLV
VWXG\ DLPV WR LQYHVWLJDWH HIIHFWV RI HQHUJ\ GRVH LOOXPLQDWLRQ RI PRQRFKURPDWLF OLJKW FRPELQHG
PDJQHWLFILHOGDSSOLFDWLRQRQWKHJURZWKRI5KRGREDFWHUVSKDHURLGHVFRORQLHV
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0DWHULDOVDQG0HWKRG
7KH VDPSOH RI5KRGREDFWHU VSKDHURLGHV EDFWHULD XVHG LQ WKLV VWXG\ZHUH LVRODWHG IURPZDWHU
WDNHQ IURP 0DV ULYHU 6XUDED\D IROORZHG E\ EHLQJ JURZQ LQ SKRWRV\QWKHWLF PHGLD 7KH XVHG
PHGLXPZDVJOXWDPDWHPDODWH*0PHGLXP,URQDQGFREDOWZHUHHOLPLQDWHGIURPWKHPHGLXPWR
VXSSUHVVYLWDPLQ%KHP$V\QWKHVLVDQGHQKDQFHH[WUDFHOOXODUSRUSK\ULQSURGXFWLRQ>@7KHPDLQ
DSSDUDWXVFKDPEHUIRULOOXPLQDWLRQWUHDWPHQWLVVKRZQLQ)LJ,WFRPSULVHGRIDVHUYRPRWRUDQ
DUUD\ RI /(' ZLWK YDULRXV ZDYHOHQJWKV
QPQPQPDQGQPDQG
D PDJQHWLF ILHOG JHQHUDWRU RI +HOPKROW]
FRLOV $ PLFURFRQWUROOHU V\VWHP EDVHG RQ
$95 $70HJD ZDV XVHG WR FRQWURO
WKH DSSDUDWXV LQFOXGLQJ WLPHU DQG
WHPSHUDWXUH RI FKDPEHU 7KH LQWHQVLW\ RI
WKH DUUD\ RI /(' ZDV PHDVXUHG XVLQJ
FDOOLEUDWHG LQVWUXPHQW SULRU WR WKH
DSSOLFDWLRQ 7KH VHUYR PRWRU ZDV XVHG WR
URWDWH WKH VDPSOH KROGHU ZKHUH WKH 3HWUL
GLVK ZDV SODFHG VR WKDW WKH OLJKW
LOOXPLQDWLRQ ZDV H[SHFWHG WR EH
KRPRJHQHRXVRQWKHVDPSOH>@
7ZR PHDVXUHPHQWV RI WKH JURZWK RI
EDFWHULDO FRORQLHV LQ  ZHUH FDUULHG RXW
E\YDU\LQJZDYHOHQJWKRI/('DUUD\DWWKH
VDPHLQWHQVLW\ZLWKDQGZLWKRXWPDJQHWLFILHOGDSSOLFDWLRQDQGYDU\LQJLQWHQVLW\RI/('DUUD\DW
QP IRUYDULRXV WLPH LQWHUYDOV 7KH ILUVW WUHDWPHQWZDVSHUIRUPHG IRU VFDQQLQJ WKHHIIHFWRI
ZDYHOHQJWKRI/('FRPELQHGZLWKDQGZLWKRXWPDJQHWLFILHOGDSSOLFDWLRQ0HDQZKLOHWKHVHFRQG
WUHDWPHQW ZDV LQWHQGHG IRU LQYHVWLJDWLQJ WKH HIIHFWV RI HQHUJ\ GRVH RQ WKH JURZWK RI EDFWHULDO
FRORQLHV$IWHUWKHWUHDWPHQWDOOEDFWHULDVXEVWDQFHVZHUHJURZQLQ306PHGLD7KHEDFWHULDZHUH
WKHQJURZQRQVWHULOH306IRUKRXUVLQWKHVKDNHULQFXEDWRUDWDWHPSHUDWXUHRIq&XQWLOWKH
RSWLFDO GHQVLW\ 2' DW  QP RI ZDYHOHQJWK ZDV   >@ 1H[W HDFK VDPSOH RI EDFWHULDO
FRORQLHVPOZDVSXWRQD3HWULGLVKZLWKGLDPHWHURIFP7KHVDPSOHZDVWKHQWDNHQIURP
LQFXEDWRUDQGFDOFXODWHGQXPEHURIWKHJURZWKRIEDFWHULDOFRORQLHVZLWKDWRWDOSODWHFRXQW73&
PHWKRG DQG 4XHEHF FRORQ\ FRXQWHU 7KH JURZWK RI EDFWHULDO FRORQLHV = ZDV FDOFXODWHG XVLQJ
ZKHUH;DQG<DUHWKHWRWDOQXPEHURIEDFWHULDOFRORQLHVEHIRUHDQGDIWHU
WUHDWPHQWUHVSHFWLYHO\

5HVXOWVDQG'LVFXVVLRQ
(IIHFWRI OLJKW SKRWRG\QDPLFHIIHFWDQGPDJQHWLFILHOGDSSOLFDWLRQRQWKHJURZWKRIEDFWHULDO
FRORQLHVZDVVKRZQLQ)LJ)RUWKHHQWLUHDSSOLHGZDYHOHQJWKYDULDWLRQRIPRQRFKURPDWLFOLJKW
 QP  QP  QP DQG  QP WKH KLJKHVW JURZWK RI EDFWHULDO FRORQLHV RFFXUUHG DW
ZDYHOHQJWK RI  QP 3KRWRV\QWKHVLV LQ 5KRGREDFWHU VSKDHURLGHV EDFWHULD LV SHUIRUPHG E\
SLJPHQW±SURWHLQFRPSOH[HVWKDWDUHFORVHO\SDFNHGZLWKLQVSHFLDOL]HGLQWUDF\WRSODVPLFPHPEUDQHV
>@ 7KH SKRWRV\QWKHWLF DSSDUDWXV KDYH WKUHH WUDQVPHPEUDQH SURWHLQ FRPSOH[HV LH DQWHQQD RU
OLJKW KDUYHVWLQJ FRPSOH[HV UHDFWLRQ FHQWHU DQG F\WRFKURPH >@ 7KH OLJKWKDUYHVWLQJ FRPSOH[HV
ELQG SLJPHQWV RI FDURWHQRLG DQG %&KO IRU OLJKW FDSWXUHU 7KHVH WZR SLJPHQWV DUH UHTXLUHG E\
SKRWRV\QWKHWLF RUJDQLVPV WR SHUIRUP SULPDU\ SURFHVVHV IRU FDSWXULQJ SKRWRQVPLJUDWLQJ H[FLWHG
HQHUJ\DQGDFKLHYLQJFKDUJHVHSDUDWLRQ7KHVHSLJPHQWVSRVVHVVGLVWLQFWLYHHOHFWURQLFDEVRUSWLRQ
EDQGV WKDW DUH GHSHQGHQW RQ WKHLU PROHFXODU VWUXFWXUHV DQG DOVR LQIOXHQFH WKHLU OLJKW KDUYHVWLQJ
HIILFLHQFLHVLQSKRWRV\QWKHWLFDSSDUDWXVHV>@
&DURWHQRLGLVDFODVVRISKRWRDFWLYHELRPROHFXOHVWKDWDUHZLGHVSUHDGLQQDWXUHDQGSOD\DYLWDO
UROHLQWKHSKRWRFKHPLVWU\RISKRWRV\QWKHVLV>@,QWKHOLJKWKDUYHVWLQJ/+SURWHLQVFDURWHQRLGV
DEVRUEWKHEOXHJUHHQVXQOLJKWWKDWLVQRWDEVRUEHGE\WKH%&KOPROHFXOHV,QWKLVFDVHWKHSLJPHQW
   = < ; ;  u

)LJ  6FKHPDWLF RI DSSDUDWXV IRU LOOXPLQDWLRQ
WUHDWPHQWRIVDPSOHV7KHGLDPHWHURI+HOPKROW]
FRLO LVGZKLOH WKHGLVWDQFHEHWZHHQ WZRFRLOV LV
G
142 Instrumentation  and  Measurement  Systems
RIFDURWHQRLGVVKRZVRSWLPXPDEVRUSWLRQDWQPDVVKRZQLQ)LJ7KHFDURWHQRLGVWUDQVIHU
WKHLUH[FLWDWLRQHQHUJ\WRWKH%&KOPROHFXOHVZKLFKLQWXUQIXQQHOLWWRDXQLWFDOOHGWKHUHDFWLRQ
FHQWHU WR WULJJHUDVHTXHQFHRIHOHFWURQWUDQVIHUSURFHVVHV WKDW WDNHSODFHRQ WLPHVFDOHVRIXS WR
PLFURVHFRQGV >@ 7KH SUHVHQFH RI FDURWHQRLGV LV FUXFLDO IRU WKH VXUYLYDO RI WKH SKRWRV\QWKHWLF
RUJDQLVPV'XULQJWKHSKRWRFKHPLFDOSURFHVVHVD%&KOVLQJOHWH[FLWDWLRQFDQXQGHUJRLQWHUV\VWHP
FURVVLQJWRDWULSOHWVWDWH7KLVSURFHVVWDNHVSODFHLQDIHZQDQRVHFRQGVDQGWKHUHIRUHLVQRWRIKLJK
\LHOG EHFDXVH LW FRPSHWHV ZLWK IDVWHU SURFHVVHV +RZHYHU WKH %&KO WULSOHW H[FLWHG VSHFLHV FDQ
SURPRWHJURXQGVWDWHR[\JHQPROHFXOHVWRWKHLUKLJKO\UHDFWLYHDQGKD]DUGRXVVLQJOHWH[FLWHGVWDWH
7KHFDURWHQRLGVDFFHSWDQGVDIHO\GLVVLSDWHWKH%&KOWULSOHWHQHUJ\RUVFDYHQJHWKHH[FLWHGR[\JHQ
WKHUHE\SURWHFWLQJWKHRUJDQLVP>@&DURWHQRLGVSUHYHQWGDPDJHFDXVHGE\VLQJOHWR[\JHQHLWKHU
E\GLUHFWTXHQFKLQJRUE\DFFHSWLQJH[FLWHGVWDWHHQHUJ\IURPWULSOHW%&KO>@
,QVHWLQ)LJLVWKHHIIHFWRIOLJKWLQWHQVLW\DQGWLPHH[SRVXUHDWZDYHOHQJWKRIQP$WWKLV
ZDYHOHQJWK WKH JURZWKRIEDFWHULDO FRORQLHV LQFUHDVHGGUDPDWLFDOO\7KH OHQJWKVRI WLPH IRU OLJKW
H[SRVXUH ZHUH YDULHG DW    DQG  PLQXWHV UHVSHFWLYHO\ ,Q WKLV FDVH WKH ORQJHU WLPH
H[SRVXUH RI OLJKW WKH KLJKHU JURZWK RI EDFWHULDO FRORQLHV 7KH JURZWK RI EDFWHULDO FRORQLHV LV
DIIHFWHGE\WKHHQHUJ\GRVHRIOLJKWDVVKRZQLQ)LJ7KHJURZWKRIEDFWHULDOFRORQLHVLQFUHDVHV
E\LQFUHDVLQJWKHHQHUJ\GRVH7KHPD[LPXPRIJURZWKRFFXUUHGDWDERXWZKHQWKHHQHUJ\
GRVH RI OLJKWZDV  -FP OLJKW LQWHQVLW\ZDV P:FP DQG WKH WLPHZDV PLQXWHV )RU
HQHUJ\GRVHODUJHUWKDQ-FPKRZHYHUWKHJURZWKRIEDFWHULDOFRORQLHVGHFUHDVHV,WPD\EH
GXHWRPRUHGDPDJHVRIWKHEDFWHULDOFRORQLHV

)LJ  *URZWK RI EDFWHULDO FRORQLHV XQGHU
LQIOXHQFH RI ZDYHOHQJWKV DW WKH VDPH LQWHQVLW\
RI  P:FP FRPELQHG ZLWK DQG ZLWKRXW
DSSOLHGPDJQHWLFILHOGRIP7
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)LJ  *URZWK RI EDFWHULDO FRORQLHV XQGHU
LQIOXHQFHRIGRVHFRPELQHGZLWKPDJQHWLF ILHOG
RI P7 ,QVHW LV WKH HIIHFW RI LQWHQVLWLHV DQG
WLPHVRIDWZDYHOHQJWKRIQP

)XUWKHUPRUH WKH DSSOLFDWLRQ RI DQ H[WHUQDO PDJQHWLF ILHOG FRPELQHG ZLWK RSWLPXP OLJKW
LOOXPLQDWLRQLVDEOHWRLQFUHDVHVLJQLILFDQWO\WKHJURZWKRIEDFWHULDOFRORQLHVDVVKRZQLQ)LJ7KH
UROHRI WKHPDJQHWLF ILHOG LV WKHHPHUJHQFHRI WKH=HHPDQ(IIHFW ,Q WKLVFDVH WKHPDJQHWLF ILHOG
FDXVHVHQHUJ\GLVWULEXWLRQYLD=HHPDQ(IIHFWRUK\SHUILQHFRXSOLQJ7KLVHIIHFWVSOLWVHQHUJ\OHYHOV
RIDWRPVRUPROHFXOHVLQWRVXEOHYHOVRIHQHUJ\DQGPDNHVDFRXSOLQJZLWKHOHFWURQYLDLWVPDJQHWLF
PRPHQW7KHHOHFWURQVDUHWKHQUHOHDVHGGXULQJWKHSKRWRV\QWKHVLVSURFHVV
7KHPDJQHWLFILHOGKRZHYHUPD\FDXVHGDPDJHVWUHVVFHOOVEXWDOVRDFWLYH$/$GHK\GUDWDVH
$/$' JHQHV 7KH $/$' ZDV FRQVLGHUHG WR EH D NH\ HQ]\PH RI SRUSK\ULQ V\QWKHVLV 7KH
DSSOLFDWLRQRIDPDJQHWLFILHOGRQEDFWHULDOVDPSOHPD\VLPXOWDQHRXVO\DFWLYDWH$/$GHK\GUDWDVH
$/$' JHQHV LQ SKRWRV\QWKHWLF EDFWHULD $QRWKHU VWXG\ REVHUYHG WKDW H[WUDFHOOXODU SRUSK\ULQ
SURGXFWLRQ LVPDUNHGO\ VXSSUHVVHGE\ WKH LQKLELWLRQRI$/$'ZLWK OHYXOLQLF DFLG /$ >@7KLV
REVHUYDWLRQ LQGLFDWHG WKDW $/$' DFWLYLW\ VKRXOG EH LQYHVWLJDWHG LQ UHODWLRQ WR H[WUDFHOOXODU
SRUSK\ULQDQG$/$SURGXFWLRQ
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&RQFOXVLRQV
7KHFXVWRPL]HGDSSDUDWXVRISKRWRG\QDPLFDSSOLFDWLRQKDVEHHQVXFFHVVIXOO\GHYHORSHGXVLQJ/('
LOOXPLQDWLRQ DQG FRQWUROOHG XVLQJ PLFURFRQWUROOHU  7KH JURZWK RI 5KRGREDFWHU VSKDHURLGHV
FRORQLHVLVVLJQLILFDQWO\DIIHFWHGE\ZDYHOHQJWKVRI/('ZLWKLWVPD[LPXPFDQEHDFKLHYHGZKHQ
WKHZDYHOHQJWK RI /(' LV  QP0RUH HQKDQFHPHQWV RI WKH JURZWK5KRGREDFWHU VSKDHURLGHV
FRORQLHV FDQ EH DFKLHYHG ZKHQ WKH LOOXPLQDWLRQ WUHDWPHQW LV FRPELQHG ZLWK PDJQHWLF ILHOG
DSSOLFDWLRQ
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4LVW\:XODQGDULDQG6XZDUQLIRUYDOXDEOHDVVLVWDQFHRQFXOWXULQJEDFWHULD
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